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1. INTRODUCTION 
When radioactive materials are deposited on a surface, the 
contamination level will at any rate decrease with the physical 
half lifes of the nuclei. Out of doors there will be a 
decontamination depending on the weather and further it is 
possible to apply decontamination methods. 
How successfull weathering and decontamination attempts are, 
depends strongly on both the surface and the radionuclides. 
Gale (Ga63) has studied how Cs137 behaves on soil and found that 
the weathering can be described in a simplified way by a double 
exponential function: 
W(t) = A exp(-X1 t) + (1-A) exp(-A2 t) 
where A is the part of the contamination which the weather 
removes with a decay constant of A, (corresponding to a 
relatively short halflife). The rest is weathered away with a 
long term decay constant (A_ ). 
For contaminations on an asphalt surface it has proved 
reasonnable to use the same describtion even if both chemical 
and physical conditions are different. 
Ritchie (Ri78) has studied the effect of rainstorms on 
contaminated asphalt surfaces. He finds that an asphalt surface 
can "contain" 30 /il/cm2 water, and that runoff therefore cannot 
be expected to occur till after 3 mm's of rain. Table 1 shows 
danish rain intensities. It can be seen that if it is raining, 
there is only a 3% probability of an intensity > 3 mm/h and 
runoff is therefore not likely to pay any significant i ole in 
Denmark. The experiments done at Ris« have not been able to 
demonstrate any runoff. 
TABLE 1 : Precipitation intensities for the period 1970-1975, 
1978. In total 61300 h. (Gy80). 
Time 
(h) 
1 (max) 
3 
5 
6 
10 
13 
16 
21 
34 
44 
67 
131 
287 
814 
4415 
4128 
Precipitation 
intencity 
(mm/t) 
21 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
< 
.4 
16 
15 
12 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0.1 
2 
Percentage of 
precipitation 
time 
0.02 
0.07 
0.11 
0.14 
0.23 
0.29 
0.36 
0.48 
0.77 
1.00 
1.52 
2.97 
6.5 
18.4 
100 
93.5 
Percentage of I 
total 
time 
0.002 
0.005 
0.01 
0.01 
0.02 
0.02 
0.03 
0.03 
0.06 
0.07 
0.11 
0.21 
0.47 
1.33 
7.2 
6.73 
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2. RADIONUCLIDES 
When we study long term consequences of an hypothetical accident 
in a nuclear reactor, the number of radionuclides of interest is 
limited. This is shown in tables 2 and 3« Cesium,Ruthenium and 
Barium contribute with more than 85 % of the 30-years dose both 
for the BWR2 and the BWR3 events. 
Three nuclides were suitable for experiments, namely: 
Rubidium-86, Ruthenium-103 and Barium-140 decaying to 
Lathanum-140. 
Rubidium-86. 
The Cesium nuclei 13** and 137 are by far the most important for 
the long term consequences because of their long half lifes. 
Unfortunately it means that they are also important for Risø's 
environmental study of fall-out. As a substitute for Cesium we 
chose Rubidium. Rubidium belongs to the same chemical group as 
Cesium and is expected to behave very much like Cesium in the 
environment. Rb-86 has a half life of 18.7 d and a gamma 
exposure constant of r=0.05 R/h m2/Ci. 
Ruthenium-103 
substitute for Ruthenium-106 and its daughter product 
Rhenium-106. Ru-103: half live = 39.4 d and r = 0.275 
R/h m2/Ci. 
Barium-liiO 
representing itself and its daughter product Lanthanum-140. 
Ba-140: half live = 12.75 d, and r =0.117 R/h m2/Ci. La-140 : 
half live = 40.3 d and r =1.17C R/h m2/Ci. 
TABLE 2 : BUR 2 - Event. Pasquill F,ra, wind velocity 5m/s, 
deposition velocity : 2 cm/s. (Me8l). 
NUCLIDE 
Ru-106 
1-131 
1-132 
Cs-134 
Cs-137 
Ba-140 
Dose contribution in % 
0-7d 0-30d 0-3Cy 
2 4 8 
21 19 2 
33 20 2 
4 8 17 
3 4 63 
19 32 5 
TABLE 3 : BWR 3 - Event. Pasquill D, wind velocity lOra/s, 
deposition velocity : 2 cm/s. (Me8l). 
NUCLIDE 
Ru-106 
1-131 
1-132 
Cs-134 
Cs-137 
Ba-140 
Dose contribution in % 
0-7d 0-30d 0-30y 
3 7 21 
5 6 1 
69 54 9 
2 4 13 
1 2 49 
5 10 2 
- 9 -
3. EXPERIMENTAL CONDITIONS 
Asphalt Areas. 
Fig 1 shows a part of Rise's peninsula; the road areas used for 
the experiments are marked with the numbers 1-4.The age of the 
road surface is listed in table 4. It is seen that the areas 
represent a broad range of age : from 1 week to 24 years. Area 
1 is next to buildings, 2 and 3 are in the very open and 4 is 
an avenue with 10 m high trees. Further 1 and 2 are parking 
areas whereas 3 and 4 are roads. 
The maximum slope of the road areas was 3 E-3 radians along the 
road (no 4) . All roads are shaped to let water run off towards 
the roadsides and the sidewards tilt is of the order of 1 to 3 
E-3 radians. 
TABLE 4 : Age of asphalt areas. 
Area no. 
1 
2 
3 
4.1 
4.2 
4.3 
Age 
20y 
3y 
24y 
24y 
1w 
iy 
Weather. 
As avaiable! To get as many different conditions as possible the 
depositions were distributed over all seasons of two years. 
During experiment no 4 (see table 5) we had real winter 
conditions with snow and ice. 
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FIG. 1.: Map of Risø's peninsula with the experimental areas 
indicated (1-4). 5 is the meteorological tower from where all 
meteorological data are obtained. 
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Deposition. 
It is very difficult to simulate dry as well as wet deposition. 
But since danish weather is such that any out of door surface is 
wet on average every second day, then the deposition methods are 
not all tr.at important for the long term consequences. He 
disolved the radioactive materials in »'ater and watered it out 
unto the asphalt surface. The amount cf »tater was 1 1 pr i2, 
corresponding to 1 mm of precipitation, and it could be watered 
out without run-off. This method represents really neither dry 
nor wet deposition but merely any of them after a couple of 
days. 
The deposition on the snow- and ice covered road was done with a 
flower spray and -s little water as possible (1 dl pr m2) in 
order not to melt the snow. Further a bit of colour was mixed :n 
so that we could see that we obtained an even distribution. 
4. MEASUREMENTS. 
Exposure rate. 
The contaminated areas were marked with five to eight dots on 
the aspholt and the
 Y -exposure rate was measured 1 m above 
these dots. The frequency of the measurements depended on the 
radionuclide, the weather and other experimental conditions. 
To limit instrumental errors the measurements were usually done 
with two different instruments. The instrumental probes were 
allways shielded against g-r^diaticn with a 10 arm thick per spex 
box. 
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Weather. 
All data concerting the weather were obtained from Rise's 
meteorological station, which as shown on fig.3 is situated 
close to the experimental areas. 
Data evaluation. 
The areas contaminated were always of the size of three to ten 
m2 and all measurements of the exposure rate were done just 
above the areas. It is assumed that decrease in exposure rate is 
due to both decay and removal of the material. This removal can 
be surface run-off, penetration into the surface or 
resuspension. 
If the materials sink into the asphalt, the asphalt will shield 
the radiation and the exposure rate will drop faster than 
estimated from the present experiment (Je79) because the 
shielding effect will be more significant for distant areas. 
5-NATURAL EF7ECTS 
The primary purposes of the experiments were to study weathering 
and decontamination methods. It is however also important to pay 
attention to >,he influence of traffic across a contaminated 
area. 
Weathering. 
The results of all the experiments are listed in table 5. The 
experiments are listed in chronological order, in total they 
cover a two years period from 1979 to 1981. 
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It can be noted that the timeperiod it has been possible to 
study a contamination varies a lot. When calculating the average 
values to be used in Galejs formula, experiments under 10 days 
are not taken into acount, that means that five out of 23 sets 
of results are left out. 
The relation between the fraction removed and the weathering 
half life is plotted in fig 2, it can be seen that, where a 
large fraction is removed the half life is short, whereas, if 
nothing happens at once, almost nothing gets removed at all. 
This is not really surprising as a little wetness on the road 
increases the speed of the chemical reactions that bind the 
radioactive materials. 
In table 6 and 7 the data have been analysed according to area 
and nuclides and there can be seen a dependence of road surface 
but not really on nuclides. The sample is not big enough to use 
for a detailed analysis. The averages listed in table 6 and 7 
are found assuming a linear distribution. 
The constants for Gale's formular are found to be: 
A = 0.29 ± 0.18 and Tw = 79 d ± 55 d giving X1 = 8.8 E-3 d-1 
Long term weathering could never be seen in the relatively short 
time experiments, so the long term weathering half life is 
assumend equil to Gale's 23y. 
The parameters used for the Risø Report 462 are the linear 
averages of the first five experiments, that gave A = 0.6 and 
Tw = 27d. The 30y dosis calculated in Risø R-462 is only changed 
by a few percent by the new values. The dose rate in the third 
month following an accident is as much as 30% higher (Th82). 
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TABLE 5 : Results of weathering and fire-hosing. 
Exp. 
no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Area 
1 
2 
3 
4.1 
2 
4.2 
3 
3 
3 
1.3 
Nucl. 
Rb86 
Rb86 
Rb86 
Rb86 
Rb86 
Rb86 
Ru103 
-
— 
Rb86 
-
-
Rb86 
-
-
-
-
Bal40 
-
-
Rb86 
Rb86 
Weathering 
Removed Observ 
period 
* d 
67 5 
60 27 
32 54 
66 22 
29 2 
22 2 
57 19 
30 35 
22 30 
35 65 
18 50 
19 30 
27 30 
14 37 
12 24 
14 10 
14 10 
8 4 
20 32 
44 8 
0 22 
7 8 
17 18 
Tw 
d 
3 
21 
70 
14 
4 
6 
15 
50 
75 
95 
200 
100 
65 
187 
140 
49 
49 
33 
70 
37 
76 
66 
Fire-hos 
Removed 
* 
25 
-
11 
-
60 
-
-
20 
20 
25 
5 
15 
21 
-
5 
16 
7 
9 
40 
-
50 
-
30 
-
ing 
Age 
d 
21 
-
25 
-
2 
-
-
137 
30 
65 
179 
21 
28 
-
37 
24 
10 
10 
4 
-
8 
-
8 
-
Average removed 29% ± 18$ 
Average half life Tw 79d + 55d 
- 1r> -
TABLE 6 : The weathering half lifes dependence of nuclides and 
asphalt areas, (d), + experimental deviations; in 
bracket : number of observations. 
Area 
Nuclide 
Rb86 
Ru103 1 
Ba-Lal40 J 
All 
1,2,4.1, 
4.2,4.3 
29±25 (4) 
-
29+25 (4) 
3 
107±61 (8) 
73±18 (4) 
96±53 (12) 
All 
81±63 (12) 
73+18 (4) 
79+55 (16) 
TABLE 7 : The weathering efficiency dependence of nuclides and 
asphalt areas, (removed activity in %), + 
experimental deviations; in bracket: number of 
observations. 
Area 
Nuclide 
Rb86 
Ru103 1 
Ba-La140 J 
All 
1,2,4.1, 
4.2,4.3 
50+22 (4) 
-
50±22 (4) 
3 
19± 7 (8) 
27+ 7 (4) 
21± 8 (12) 
All 
29±20 (12) 
27± 7 (4) 
29±18 (16) 
- 16 -
O 
£. 
LT 
LU 
-L 1 -
< 
LU 
>-
m 
o 
LU > o 
z LU 
Ct 
h-
4* 
1.0 
09 
0.8 
0.7 
0.6 
0.5 
0.4 
03 
0.2 
0.1 
0 
i i i 
— 
-
v v 
- _ T 
• 
-
— 
1
 
1 
1 1 
0 
1 1 
1 1 1 
V 
l l 1 
1 1 1 
o 
1 1 1 
1 1 1 I 1 1 I 1 
• Rb86 
& Ba-LaUO -
o Ru 103 
— 
— 
— 
i i i i i i i i 
0 10 2030 A0 50 100 150 
SHORT TERM WEATHERING HALF LIFE [d] 
200 
FIG. 2 . : Ueathering efficiency plotted against the weathering 
h a l f - l i f e . 
O 
Z 
I/) 
o 
X 
LU 
CC 
LL 
> 
CD 
O 
LU 
§ 
z 
LU 
CL 
I -
1.0 
0.9 
0.8 
0.7 -
0.6 IT 
0.5 
0.4 
0.3 -
0.2 -
0.1 
0 
T — i — i — i — | — r 
*V 
_L_J ' » 
i—i—i—r i — i — r 
j L 
• Rb86 
A Ba-LaU0 
O Ru 103 
o 2nd firehosing of a 
J L i . • 9 
10 20 30 40 50 100 150 200 
TIME FROM DEPOSITION TO FIREHOSING [d ] 
FIG. 3*s Efficiency of fire-hosing plotted against age of 
contamination. 
- 17 -
Rain. 
Rain is by far the most important factor for the weathering. 
Light rain (< 3mm/h) mostly help the chemical reactions on the 
asphalt surface and removes almost nothing from the surface. But 
heavy rain (>20 mm/h, and more than 3 mm in total) soon after a 
contamination can remove as much as 15? of the radioactive 
materials. 
The decontamination effect of one heavy rain shower is 
illustrated in table 8. The shower consisted of 14 hours with a 
total of 17 mm of rain followed by 15 mins with 5 mm. At the 
time we had six contaminated areas of different contamination 
age. It is clearly seen that a decontamination has taken place, 
even if there is no direct correlation to be seen between age 
and part removed. 
TABLE 8 : Effect of a heavy rainshower. The areas are listed 
according to their relative position on road "3". 
Nuclei 
Ru103 
Rb86 
Rb86 
Ru103 
Ru103 
Rb86 
Removed(%) 
10 
11 
15 
7 
15 
15 
Age(d) 
50 
13 
6 
15 
10 
27 
Average removed: 12% 
- Itf -
Resuspension. 
Wind and traffic over a contaminated area can cause resuspension 
of the radioactive material. Several air samples were collected. 
Some just downwind from contaminated areas. The amount of 
Rubidium found was very small (<10 E-10 Ci/m3) and showed that 
resuspension is not a significant way of removing of the 
radioactive material. The Health Physics Department at Risø 
collects airsamples of 300 E3 m3/week at a place about 800 m 
east of the experimental areas and only occasionally they found 
traces of the radionuclides used in the experiments. This 
confirms the insignificance of resuspension. 
Penetration into surface. 
In compairing the measurements with calculations (Je79) it has 
not been possible to see that the radioactive materials 
penetrate into the surface, and the assumption that only surface 
removal takes place is therefore reasonnable. 
Traffic. 
Traffic causes materials to move along a road, but not very far. 
We have measured the contamination levels of shoes, bicycle 
tyres and car tyres just after they have passed a contaminated 
road area, and further 100m and 1000m away from it. For shoes 
and bicycle tyres no contamination could be seen after 100 m and 
for car tyres nothing after 1000 m. Correspondingly measurements 
of road contamination outside the originally contaminated area 
showed some contamination five to ten meters "down-traffic" from 
the area but next to nothing at 30 m "down traffic". For the 
exposure r-te above a contaminated road this traffic dependent 
movement is not important because the material moved away is 
compensated for by material moved to the area. Again spreading 
of the contamination with the traffic depends very much on 
weather and road surface as well as time after deposition. 
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6. DECONTAMINATION 
Several methods were tried out, but fire-hosing was found to be 
the most efficient as well as the most realistic. 
Fire-hosing. 
The fire-hosings were carried out by either Risø's own 
firebrigade or the National Civil Defence for Copenhagen. Both 
groups allways used C-hoses with concentrated beams. The number 
of hoses depended on the size of the area; for a 7 m wide road 
three hoses were used next to each other. The amount of water 
was 200 1/min and the speed of cleaning between 100 and 200 m/h. 
The results of fire-hosing are listed in table 5. and plotted 
against age of decontamination in fig. 3. 
The amount Rb-86 removed by fire-hosing seems to depend mostly 
on the time from deposition to fire-hosing as it is clearly seen 
at fig. 3. It corresponds to the relation between weathering 
half-life and efficiency, fig. 2, and is of course due to the 
same chemical reactions between rubidium and the asphalt. 
The effect of fire-hosing Ru-103 is not depending on the age of 
the contamination; all three observations show about 20% removed 
(see circles on fig. 3.). A second fire-hosing of a ruthenium 
area has no significance. 
For Ba-La-140 there is only one experiment. Barium-Lanthanum 
might be more mobile than Rubidium, but with the general big 
spread in the observed results it is not really possible to draw 
any conclusion. 
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K-fertilizer. 
In one experiment we watered four areas with a solution of a 
potassium fertilizer to see whether we could impose some 
ion-exchange and in that way improve the removing of Rubidium. 
The fertilizer was NPK 0-8-20, which is commonly used in 
agriculture, and it can be obtained in reasonnably big amounts, 
if it proved usefull. We used different concentrations 
(0-150 g/m2) for the four areas , but there was no concentration 
related effect to be seen nor did it increase the general 
weathering of the areas. 
Vacuum-cleaning. 
On two occations areas were vacuum cleaned with an ordinary 
household vacuum cleaner. Although activity was removed the 
exposure rate over the areas increased. This could have been 
caused by removing more loose "shielding" material than 
corresponding activity; the changes were only a few percent and 
vacuum cleaning should not be considered an important 
decontamination method, at least not when the contaminated area 
has been wet, that is, more than a few days old. 
21 -
7. CONCLUSION. 
If radioactive materials released in i reactor accident get 
deposited on asphalt surfaces they will disappear faster than 
their physical decay due to weathering. The amount that gets 
weathered away can be more than 60% in a rainy period and next 
to nothing (less than 5%) if the time after deposition is rather 
dry. The weathering half lifes are correspondingly very short at 
an initially very rainy period and long in rather dry periods. 
For calculation purpose the weathering is usually described by 
an exponential function (Ga63): 
W(t) = A expt-A^) + (1-A) exp(-*2t) 
In the present experiments A is found to be about 30% and the 
short term half life to be close to 80d, or A. =3.2 y-1. 
A2 =7.5 E-3 y-1 is taken over from (Ga63). 
Fire hosing soon after deposition is found to be much more 
efficient than after some weeks, specially for Rubidium 
(Cesium), see fig 3-
The results indicate that Rubidium/Cesium after some weeks are 
fairly well bound to the asphalt surface, whereas 
Barium/Lanthanum and Ruthenium do not appear to react chemically 
with the surface and they are therefore more mobile. 
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